iNtRODUCtiON
Historically, the diagnosis of appendicitis has been made clinically. Since the late 1990s, however, computed tomography of the abdomen and pelvis (CTAP) and transabdominal ultrasound (TAUS) have been used more frequently to diagnose the condition. The use of CTAP has been most apparent in the United States. [1] [2] [3] In the UK, and particularly in a community hospital setting, the use of additional imaging has been more selective. Authors of published studies argue that increased utilisation of computed tomography (CT) and ultrasound has brought about a reduction in the negative appendicectomy rate (NAR). Utilisation of CTAP and/ or TAUS in more than 80% of suspected appendicitis cases is a feature of several series, with quoted NAR levels of <5%. [4] [5] [6] [7] The sensitivity and specificity of CTAP in suspected appendicitis have been estimated to exceed 90%, however, data obtained for diagnostic performance of TAUS has shown a greater range in sensitivity and specificity for this modality in the diagnosis of appendicitis (sensitivity, 47.8%-91%; specificity, 72%-91%). 4, [8] [9] [10] [11] [12] [13] [14] [15] [16] In other papers, particularly those based in a community setting, results have been different, with lower figures being quoted for the above parameters. There has also been research, particularly among children, which suggests that imaging has not achieved improvements in the diagnosis of appendicitis and, ultimately, the NAR. [17] [18] [19] [20] There is little evidence to support the use of transvaginal ultrasound (TVUS) in the context of appendicitis. Although abdominal X-ray (AXR) is often requested in patients with right-sided abdominal pain, it only has limited value. 21 There is increasing awareness of the hazards of ionising radiation associated with CT but evidence implies that its use can significantly reduce the rate of NAR. Results were analysed as separate cohorts based on sex and age, and also as one cohort. Age-groups chosen were paediatric patients (0-16 years), young adults (17-30 years), older adults (31-59 years), and older patients (≥60 years -the age of commencement of colorectal cancer screening in the UK).
Statistical Analysis
The sensitivity and positive predictive value (PPV) for CTAP, TAUS, TVUS, and AXR were calculated through statistical analysis. Logistic regression analysis was performed to account for the influence of the following variables with reference to likelihood of negative appendicectomy: age-group, gender, and utilisation of imaging. The significance of each variable was evaluated using the chi-square test, and from this, odds ratios (ORs) constructed with 95% confidence intervals.
RESUltS
Within the study period, 2173 patients underwent appendicectomy: 1045 male (48.1%) and 1128 female (51.9%). Of all the appendicectomies, 156 yielded an alternative histology result and were excluded from analysis, producing an overall sample size of 2017. Results by age and sex cohort concerning histology results and imaging performed are shown in Table   Imaging Abbreviations: AXR = abdominal X-ray; CTAP = computed tomography of the abdomen and pelvis; TAUS = transabdominal ultrasound; TVUS = transvaginal ultrasound. Table 3 . AXR and TVUS have been excluded from this table for reasons of poor diagnostic performance in the context of appendicitis. Histology from 550 patients revealed normal appendix morphology, yielding an NAR of 27.3%. The rate was higher in females (34.9%) than in males (19.4%). In the paediatric population, negative appendicectomy was far less frequent in boys than in girls, with rates of 18.1% and 40.7%, respectively. The highest NAR was seen in women aged 17-30 years at 42.8%, compared with 22.4% for men in the same age-group.
NAR according to imaging performed is shown in
Some form of imaging was performed in 759 (37.6%) patients and no imaging in 1258 (62.4%); 415 AXR, 141 CTAP, 348 TAUS, and 88 TVUS were performed (some patients underwent more than one type of Table 2 . Imaging performed and histology by age cohort.* Abbreviations: AXR = abdominal X-ray; CTAP = computed tomography of the abdomen and pelvis; TAUS = transabdominal ultrasound; TVUS = transvaginal ultrasound; + = positive scan for appendicitis; -= negative scan for appendicitis. * Alternative diagnosis (other than appendicitis + or appendicitis -) by different imaging methods is not included. imaging test). Of the 156 patients excluded from analysis due to alternative histology, 15 were diagnosed with carcinoid tumours and 90 with fibrotic appendix. Logistic regression analysis and the chi-square test revealed that the factors with the greatest association with negative appendicectomy were female gender, followed by younger age (p < 0.0001). For the purposes of this analysis, TVUS and AXR were excluded due to significantly inferior diagnostic performance. Despite only including radiology with superior diagnostic performance, the utilisation of imaging was not shown to have a significant association with negative appendicectomy.
The OR of negative appendicectomy in females was 3.1 times that of males. The OR for females aged 0-16 years versus males of the same age was 2.4, and in the 17-30 years̓ age-group, 2.2. The OR of negative appendicectomy in the 0-16 years̓ age-group versus those in the >60 years age-group was 4.9. ORs for gender and age-groups are detailed in Table 4 .
Use and Performance of imaging Modality
Abdominal X-ray AXR was the most frequently used imaging, performed in 20.6% of patients (n = 415). AXR was used sparingly in the paediatric population (5.9% for males, 3.0% for females). The use of AXR increased with age, with over 50% of patients for both genders >60 years of age undergoing the investigation. In total, 33 (8.0%) AXRs were classified as diagnostic. In the context of a diagnostic result, the PPV of AXR was 81.8%. The majority of AXRs were normal -356 (85.8%), yielding a sensitivity of 6.2%. Alternative diagnoses were seen in 37 patients; the most frequent was small bowel dilatation (without an appendicolith), present in 27 (6.5%) patients. Of these, 24 had appendicitis on histology. 
Transabdominal Ultrasound

DiSCUSSiON
Many studies have evaluated the use of imaging in appendicitis. Several have been multicentre-or academic centre-based and comprised large sample sizes. [8] [9] [10] [11] [12] [13] [14] [15] [16] Smaller studies have been based at a community hospital level. [17] [18] [19] [20] The authors believe that this is the largest study of its type performed both in the UK and in a community hospital setting. This study found an overall NAR of 27.3%. This is higher than that published elsewhere. It has also established that the NAR is particularly high in women in younger agegroups. The use of imaging, specifically CTAP and TAUS, is lower than that in published studies from other countries. 4, 13 The use of radiological imaging among children who had an appendicectomy was very low. The authors believe that practice in their trust is representative of activity within community hospitals across the UK.
Although the use of imaging did not have a statistically significant association with NAR in this study, the authors believe that one of the possible reasons behind the high NAR is the low use of CTAP and TAUS. Published research has identified substantially reduced NAR with high utilisation of CTAP or TAUS in suspected appendicitis. Several papers report imaging rates of over 80% compared with this study: 7% for CTAP and 17.3% for TAUS. [3] [4] [5] [6] A large, multicentre-based trial in the United States by Drake et al 4 of over 19,000 patients revealed that 91% of patients underwent either TAUS or CTAP. The comparatively low NAR of 5.4% in this study was largely attributed to increased use of imaging.
4 This is not a consensus view, however. Many studies suggest increased rates of imaging have had negligible, if any, effect on the NAR. A large retrospective review of more than 55,000 patients by Bachur et al 18 found that CT had a negligible effect in certain paediatric age-groups. In a smaller study of 616 patients, Partrick et al 19 concluded the same for all children as did Huynh et al 17 for patients of all age-groups with suspected appendicitis.
Consistent with several studies, this paper has shown a high sensitivity and PPV for CTAP, even though the numbers are small. Our figures lie within the range of published data. 4, 6, 10, 13, 26 The limited use of CTAP in the UK may, in part, be due to variation in its availability across the country.
27 A major justification is the wish to limit ionising radiation exposure, particularly in children.
Recent literature has determined that diagnostic performance of low-dose focused abdominal CT is comparable with conventional CTAP techniques in the context of appendicitis. This has also been demonstrated with techniques that avoid intravenous contrast. [28] [29] [30] It therefore seems reasonable to include low-dose focused CT in a stepwise algorithm of investigation of appendicitis.
TAUS exhibited a lower sensitivity and PPV than CTAP in this study: 72.3% versus 82.9% respectively. A large proportion (32.2%) was nonetheless non-diagnostic. Our data are comparable with research conducted in other community hospital settings, although not with those in academic centres. 12, 14, 15, 31, 32 Our results also indicate that the NAR in patients undergoing TAUS alone was higher than that in patients who received no preoperative imaging (40% vs. 29%). There are several possible reasons for this. First, these figures do not account for patient age and sex and a higher proportion of young adult females, in whom the NAR has been shown to be highest, underwent preoperative TAUS. Second, a cohort within the patients not receiving imaging may have presented with clear clinical and biochemical features of acute appendicitis. Third, this result may in part be due to the operator-dependent nature of ultrasound (academic centres perhaps being more likely to have specialist sonographers available) and the inherent limitations of ultrasound itself (image quality may be poor in patients with large body habitus, difficulty in visualising a retrocaecal appendix etc). This paper has also identified that TAUS is seldom used in children, particularly in boys -a demographic group where the modality has been shown to be effective. 8, 12, 14 Given the high PPV of TAUS, lack of radiation, and reported diagnostic performance, there is a strong evidence to support its use as an initial investigation in the paediatric and young adult age-groups.
TVUS has proven to be of little diagnostic value in the context of appendicitis. While exhibiting a high PPV, statistical analysis placed sensitivity at 21.8% in the presence of a high non-diagnostic rate (16.1%). There have been studies with very limited sample sizes that suggest combining TAUS and TVUS is potentially diagnostically useful, but our data do not support this. 16, 33 The poor diagnostic performance of TVUS is expected given that its primary role is to identify gynaecological pathology as a cause for symptoms in the context of right iliac fossa pain. Less than 10% of patients in this study had a gynaecological pathology identified using this modality, of whom half had appendicitis on histology. To a large degree, this negates its value when used on this basis.
AXR has been shown to be used widely, particularly with increasing age, but adds little in the identification or exclusion of appendicitis. Whilst a diagnostic X-ray yields a high PPV, the vast majority are nondiagnostic, and the sensitivity of this modality is very low. AXRs that show small bowel dilatation without a faecolith in the context of right iliac fossa pain seem to be a reasonable indicator of appendicitis. These seem nonetheless to be an infrequent occurrence.
limitations
There are several limitations in this study. Rationale as to why imaging was performed, and what imaging was performed was not considered. This includes both clinical observations and haematological results. This paper also did not take into account the impact of laparoscopy. Although patients who underwent laparoscopy and subsequent appendicectomy were included, those who had a negative laparoscopy or gynaecological pathology were not. Only patients who underwent appendicectomy were included. Moreover, patients investigated for appendicitis where an alternative diagnosis was reached were not considered. Those who had imaging suspicious of appendicitis without proceeding to appendicectomy were also not included (due to difficulty in identifying such patients in the context of a retrospective evaluation). Therefore, calculations concerning specificity and negative predictive value could not be made. The number of children who underwent imaging was also low, limiting conclusions that can be drawn in this cohort. Finally, our paper was confined by the limitations of its retrospective nature.
Given the findings of the study, the authors have arrived at the following:
• In children, and adults younger than 30 years, a TAUS performed as the primary investigation may be of considerable use. A scan positive for appendicitis may render a subsequent CTAP unnecessary.
• Where TAUS is non-diagnostic or normal and pain persists, CTAP should be performed. In the younger cohort (<30 years old), a focused low-dose CTAP may suffice. Depending on the individual case, a formal abdominal protocol CTAP may be indicated.
• Patients older than 60 years should be considered for formal abdominal protocol post-intravenous contrast CT at the outset.
• A TVUS could be used in the holistic work-up of abdominal pain in females, but demonstration of gynaecological pathology cannot exclude appendicitis.
• An AXR very rarely contributes to the diagnosis of appendicitis. Even so, it can be a useful screening tool for intra-abdominal pathology, particularly in those aged >30 years.
